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Bjorken Scaling in Deeply InelasticBjorken Scaling in Deeply Inelastic
Scattering and the Parton Model---1968Scattering and the Parton Model---1968

ν =
Q2

2Mx

Phys. Rev. 179, 1547 (1969)

Phys. Rev. 185, 1975 (1969)
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BBK 1971BBK 1971
S.M.Berman, J.D.Bjorken and J.B.Kogut, Phys. Rev. D4, 3388 (1971)

• BBK calculated for p+p collisions, the inclusive reaction
                      A+B →C + X     when particle C has pT>> 1 GeV/c

• The charged partons of DIS must scatter electromagnetically “which may be
viewed as a lower bound on the real cross section at large pT.”
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CCR at the CERN-ISRCCR at the CERN-ISR
Discovery of high pDiscovery of high pTT production in p-p production in p-p

• e-6pT breaks to a power law at high pT with characteristic √s dependence
• Large rate indicates that partons interact strongly (>> EM) with other.
• Data follow BBK scaling but with n=8!, not n=4 as expected for QED

 F.W. Busser, et al.,
CERN, Columbia, Rockefeller
Collaboration
 Phys. Lett. 46B, 471  (1973)

Bj scaling → BBK scaling
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BBK scaling with n=8, not 4BBK scaling with n=8, not 4
Inspires Constituent Interchange ModelInspires Constituent Interchange Model

xT=2pT/√s

Berman, Bjorken, Kogut, PRD4,3388(1971)

CIM-Blankenbecler, Brodsky, Gunion,
Phys.Lett.42B,461(1972)

n=4 for QED or vector gluon

n=8 for quark-meson
scattering by the exchange
of a quark
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State of the ArtState of the Art
Fermilab 1977Fermilab 1977

D. Antreasyan, J. Cronin, et al., PRL 38, 112 (1977)

Beautiful xT scaling at all 3 fixed target energies with n=8
Totally Misleading--Not CIM or QCD but kT
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CCOR 1978---Discovery ofCCOR 1978---Discovery of
““REALLY high pREALLY high pTT>7 GeV/c>7 GeV/c”” at ISR at ISR

CCOR A.L.S. Angelis, et al,
Phys.Lett. 79B, 505 (1978)
See also A.G. Clark, et al
Phys.Lett 74B, 267 (1978)

• Agrees with CCR, CCRS (Busser)
data for pT < 7 GeV/c.

• Disagrees with CCRS fit pT > 7
GeV/c

• New fit is:
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n(xn(xTT, , √√s) WORKS ns) WORKS n→→5=45=4++++

Same data E d3σ/dp3(xT)   ln-ln plot

QCD: Cahalan, Geer, Kogut, Susskind,
PRD11, 1199 (1975)
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ISR ExptISR Expt’’s more interested in n(xs more interested in n(xTT,,√√s)s)
than absolute cross sectionthan absolute cross section

Athens BNL CERN Syracuse
Collaboration,
C.Kourkoumelis, et al
Phys.Lett. 84B, 279 (1979)

cross sections vary by factor of 2

but n(xn(xTT,,√√s) agreess) agrees
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Status of ISR single particleStatus of ISR single particle
measurements 1978measurements 1978

kT is what made n=4++ → n=8



RHIC/AGS Users May 2004 M. J. Tannenbaum   11/30

Status of QCD Theory in 1978Status of QCD Theory in 1978
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LO-LO-QQCCDD in 1 slide in 1 slide
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QQCCDD and Jets and Jets
are now a cornerstone of the standard modelare now a cornerstone of the standard model

• Incredibly at the famous Snowmass conference in
July 1982, many if not most people were skeptical

• The International HEP conference in Paris, three
weeks later, changed everything
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THE UA2 Jet-Paris 1982THE UA2 Jet-Paris 1982
From 1980--1982 most high energy physicists doubted jets existed
because of the famous NA5 ET spectrum which showed NO JETS
This one event changed everybody’s opinion.
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Also Paris 1982-Jets in EAlso Paris 1982-Jets in ETT distribution distribution

NA5-No Jets 1980 ICHEP
7 orders of magnitude

CCOR Jets after
8 orders of mag.
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Also Paris-1982 first measurement of QCDAlso Paris-1982 first measurement of QCD
subprocess angular distribution usingsubprocess angular distribution using

  ππ00--ππ00correlationscorrelations

QCD

DATA: CCOR NPB 209, 284 (1982)
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How everything you want to know about JETSHow everything you want to know about JETS
was measured with 2-particle correlationswas measured with 2-particle correlations

CCOR, A.L.S.Angelis, et al
PL 97B, 163 (1980)
PhysicaScripta 19, 116 (1979)

pTt > 7 GeV/c vs. pT
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kkTT is not a paramater it can be measured is not a paramater it can be measured
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Feynman Feynman Field & FoxField & Fox to the rescue to the rescue
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jjTT, k, kTT, x, xEE, p, poutout  definitions  definitions
all in plane transverse to beam directionall in plane transverse to beam direction

•jT is parton fragmentation transverse momentum

• kT is transverse momentum of a parton in a proton (2 protons)

• xE =-pT•pTt/|pTt|2  represents away jet fragmentation z

• pout is component of away pT perpendicular to trigger pTt

〈pout〉2 =xE
2[2〈kTy〉2 + 〈jTy〉2] + 〈jTy〉2
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xxEE distribution measures fragmentation fn. distribution measures fragmentation fn.

xE ~ z/<ztrig>

⇒e-6z

• independent of pTt
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CCOR <|pCCOR <|poutout|>|>22 vs x vs x22
EE

〈pout〉
2 =xE

2[2〈kTy〉
2 + 〈jTy〉

2] + 〈jTy〉
2
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jjTT is constant-independent of p is constant-independent of pTtTt and  and √√ss
Characteristic of jet fragmentationCharacteristic of jet fragmentation

• it took the e+ e-

people several
more years to get
this correct
because they
didn’t understand
the seagull effect.
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kkTT varies with p varies with pTtTt and  and √√s--not intrinsics--not intrinsic



RHIC/AGS Users May 2004 M. J. Tannenbaum   25/30

kkTT Phenomenology-I Phenomenology-I
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kkTT Phenomenology-II Phenomenology-II
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Early theoretical attempt to understand kEarly theoretical attempt to understand kTT
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Gaussian Integrals-IGaussian Integrals-I
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Gaussian Integrals-IIGaussian Integrals-II
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Conclusions from ISRConclusions from ISR


